Decay properties of hidden-strangeness partners of X(3872) are studied in tetra-quark pictures. As the result, it is seen that their decay properties are strongly model dependent, and therefore, experimental studies of them will select a realistic model.
Recently hidden-charm axial-vector mesons Z ±,0 c (3900) have been discovered in πJ/ψ channel from e + e − → ππJ/ψ [1] [2] [3] . (J/ψ is written as ψ hereafter.) Existence of such states was predicted from tetra-quark pictures [4, 5] much earlier than the discovery, and after the observation, they have been interpreted as partners of X(3872) from various pictures [6] [7] [8] , and the above predictions have been updated [9, 10] . If they are DD * molecules [7] , experiments would have observed two peaks arising from X(3872) and Z 0 c (3900) in D 0D * 0 and its charge-conjugate (c.c.) channels. However, no signal of Z 0 c (3900) was observed in DD * ⊕ c.c. channels in Belle [11] and Babar [12] experiments. In addition, there are some arguments that X(3872) as a compact object is favored [13, 14] . If the above arguments are the case, X(3872) and Z c (3900) ±,0 would be tetra-quark mesons. However, these two tetra-quark models in [4] and [5] are very much different from each other. To see more explicitly such differences, we study hidden-charm and -strangeness axial-vector tetra-quark mesons. Such mesons would be observed in φψ channel if kinematically allowed (if not, in γψ and in γφ) when their charge conjugation (C) parity is even (C = +), and in ηψ channel when C = −. However, experimental results on φψ resonances are still controversial [15] , and no narrow resonance signal has been observed [16] in ηψ channel.
Tetra-quark states can be classified into four groups as
where parentheses and square brackets denote symmetry and anti-symmetry, respectively, of flavor wave functions (wfs.) [17] . (q = u, d, s and c in this note.) Each term on the right-hand-side (r.h.s.) of Eq. (1) is again classified into two groups [17] with3 c × 3 c and 6 c ×6 c of the color SU c (3). Here, the former is considered as the lower lying state in heavy mesons [18, 19] . (The flavor (qq)(qq) multiplet and the color 6 c ×6 c states are not considered in this note.) Regarding their spin (J) and parity (P ), the first term and the last two on the r.h.s. of Eq. (1) have J P = 0 + and 1 + , respectively, in the flavor symmetry limit [10] . Because the flavor symmetry is broken in the real world, however, all the states on the r.h.s. of Eq. (1), in particular, even [qq] [qq] can have all of J P = 0 + , 1 + and 2 + . Along with this line, the diquarkonium model [4] in which a broken flavor symmetry (and even a broken isospin symmetry) were assumed was proposed. In this model, tetra-quark mesons are given by products of a diquark [ [20] suggest that isospin symmetry works well in X(3872) physics. In addition, no charged partner of X(3872) has been observed [21] . Therefore, X(3872) is considered as an iso-singlet state. Furthermore, this model predicts existence of two different types of hidden-charm scalar mesons as discussed above, and that the mass of the lower [cn] 0 [cn] 0 state (called as X 0 ) is around 3.7 GeV, because X 0 and X(3872) have been assigned to elements of multiplets with the same flavor structure. In contrast, an indication of ηπ 0 peak (called asδ c0 (3200) in this note) has been observed around 3.2 GeV in γγ collision [22] . This can be interpreted as
whose mass is expected to be ≃ 3.3 GeV (close to mδ c0 (3200) ), by using a quark counting [18, 23] with the mass differences ∆ sn = m s − m n ≃ 0.1 GeV and ∆ cs = m c − m s ≃ 1 GeV, where the mass of D s0 (2317) has been taken as the input data.
The above interpretation is based on the alternative scheme that tetra-quark mesons with J P = 0 + and 1 [5, 18, 23] . In this scheme, double-charm axial-vector (cc) 1 [qq] 0 mesons can exist [5, 24] , in contrast with the diquarkonium model. It is true that the flavor symmetry is broken in the real world, but the symmetry breaking in spatial wfs. seems to be not so bad even in SU f (4), as seen below. A matrix element of flavor charge taken between α| and |β are given by a corresponding form factor f (αβ) + (0) of matrix element of vector current at zero momentum transfer squared. Thus, a deviation of spatial wave function overlap from the flavor symmetry limit will be given by a deviation of the corresponding f (0) = 1.00 ± 0.11 ± 0.02 [27] and 0.99 ± 0.08 [28] . From these results, it is seen that spatial wfs. satisfy well the SU f (3) symmetry as has recently been confirmed [29] , and that the SU f (4) symmetry breaking is not necessarily so bad in contrast with masses. Thus, we have assigned [18, 23] scalar
respectively, as the 0-th order approximation of the flavor symmetry breaking. In the case of the J P = 1 + hidden-charm mesons, however, [cq] 0 (cq) 1 and (cq) 1 [cq] 0 have no definite C-property, so that they mix with each other in a way that their flavorless neutral components form eigenstates of C-parity. Thus, axial-vector X(3872) and Z c (3900) are assigned to [5, 10] . (In this short note, we always assume that mixings of flavorless states except for the ηη ′ mixing are ideal. This assumption is compatible with the OZI-rule [30] .) It should be noted that the mass difference between X(+) = X(3872) and X I (−) = Z c (3900) is small ( < ∼ 1 %) [10] . This seems to suggest that spatial wfs. of [cn](cn) ± (cn)[cn] states are not so different from each other.
As seen above, flavor structures of axial-vector mesons in these two models are drastically different from each other, and therefore, it is supposed that their decay properties also are very much different from each other.
In accordance with the prescription in [17] , we decompose each of
1s 3c
(cs) 3s 3c ± (cs) 3s 3c
[cs] 1s 3c } 3s 1c in our tetra-quark model into a sum of products of {qq} pairs, and then replace color singlet pairs by ordinary mesons, for example, {cc} 1s 1c by η c , {cc} 3s 1c by ψ, · · · (in the case of the low lying mesons), where the notation in [31] has been taken to see explicitly color and spin degree of freedom, i.e., the subscript and superscript of q,q and their products denote their color and spin multiplets; the color 3 c ,3 c , and 1 c of SU c (3), and the spin singlet 1 s and triplet 3 s , respectively. The results are
where η s = {ss} 1s 1c , and · · · denotes a sum of {qq} 8c {qq} 8c products (and possible contributions of excited ordinary mesons). The above decompositions could be reshuffled by exchanging a gluon between intermediate quarks. However, we here neglect such a reshuffling, because a quark-gluon coupling is not very strong around the energy scale under consideration [32] . Under this approximation, X s (+) with C = + couples to D decay is a little bit higer than m X s (+) ≃ 4.07 GeV which is estimated by using the same quark counting as the above (but now with m X(+) = m X(3872) as the input data), and the threshold of the φψ decay is higher, so that X s (+) would be stable against OZI-rule-allowed decays, when the mass value of X s (+) estimated above is taken literally, although it still has large uncertainties. On the other hand, X s (−) with C = − couples naturally to D * + s D * − s which has C = − in the lowest (S-wave) state with a total angular momentum J = 1. However, the decay
would not be allowed, because the estimated mass value, m X s (−) ≃ 4.107 GeV, which is obtained by using the same quark counting as the above (with m X(−) = m Z 0 c (3900) as the input data), is lower than the threshold 2m D * s ≃ 4.224 GeV. Therefore, its main decays would be X s (−) → ηψ and η c φ with sufficient phase space volume.
Next, in the same way as the above, we decomposeX 
where η 0 = {uū + dd} In our previous work, rates for main decays of X(−) and X I (−) = Z c (3900) were very crudely calculated by taking a phenomenologically estimated rate Γ(X(3872) → D 0D * 0 ) ∼ (0.3 − 1.5) MeV as the input data, and the resulting width of X I (−) was compatible with the measured ones of Z ±,0 c (3900) [10] . However, we here revise the input data, and then the previous results on rates for decays of X(−) and X I (−), and calculate rates for important decays of X s (±). Assuming that the full width of X (3872) is approximately saturatated as
, and taking the measured ratios of decay rates, [10] (obtained by compiling the results from [35] ) and the width Γ X(3872) = 3.9 MeV. The above Γ(X(3872) → D 0D * 0 ) ph is consistent with an independent estimate Γ(X(3872) → D 0D * 0 ) Renga ∼ 1 MeV [36] .
Rate for the X(+) → D 0D * 0 decay was given in Eq. (4) of [10] . Replacing
where p π and g X 0 I (−)π 0 ψ are the center-of-mass (c.m.) momentum of pion in the final state and the X 0 I (−)π 0 ψ coupling strength, respectively. In this way, the ratio Γ(X
is given by the ratio of coupling strengths |g X 0 I (−)π 0 ψ |/|g X 0 (+)D 0D * 0 | which is given by the ratio of corresponding coefficients in the decompositions of X I (−) and X(+) in Eqs. (13) and (10) of [31] , when it is assumed that spatial wfs. of X I (−) and X(+) are (nearly) equal to each other as in [31] , and the SU f (4) symmetry breaking in spatial wfs. of ordinary mesons is ignored. Thus, Γ(X 0 I (−) → π 0 ψ) can be revised by taking the above Γ(X(3872) → D 0D * 0 ) ph as the input data. In the same way, we revise rates for decays of X(−) and X I (−), where the ηη ′ mixing with θ P = −20
• [32] has been taken into account, and the results are listed in Table I . As seen in Eq. (3), X s (−) couples to η c φ and η s ψ, so that it can decay into η c φ and ηψ. Assuming again that spatial wfs. of X s (−) and X(+) are (nearly) equal to each other, we can calculate very crudely rates for the X s (−) → η c φ and ηψ decays, as listed in Table I . It is seen that detection of X s (−) in B decays would be difficult at the present accuracy, because it is expected to be considerably broad. This seems to be compatible with the result that no signal of narrow ηψ peak has been observed in B decays [16] . As for X s (+) in our model, it would have no OZI-rule-allowed decay, as discussed before. Because OZI-rule-suppression would be strong at the energy scale under consideration, its radiative decays would be important. Therefore, we calculate rates for the X(+) → ωψ → γψ, X s (+) → φψ → γψ and X s (+) → φψ → φγ decays under the vector meson dominance hypothesis [37] with photon-vector meson coupling strengths [38] X ρ (0) = 0.033 ± 0.003 GeV 2 , X ω (0) = 0.011 ± 0.011 GeV 2 , X φ (0) = −0.018 ± 0.004 GeV 2 and X ψ (0) = 0.050 ± 0.013 GeV 2 , where their signs have been determined by using the quark model. (This approach reproduced well [39] the measured ratio of decay rates Γ(X(3872) → γψ)/Γ(X(3872) → π + π − ψ) mentioned above, where the formula for the decay rate Γ(X(3872) → γψ) as an example of rates for 1 + → γV , (V = ρ, ω, φ, ψ) has been provided in [39] .) Under this condition, the ratios of decay rates Γ(X s (+) → γψ)/Γ(X(+) → γψ) ≃ 1.7 and Γ(X s (+) → γφ)/Γ(X(+) → γψ) ≃ 6.2 can be obtained, when it is assumed that spatial wfs. of X s (+) and X(+) are (nearly) equal to each other. Thus we crudely estimate the rates Γ(X s (+) → γψ) and Γ(X s (+) → γφ) as listed in Table I , taking Γ(X(+) → γψ) ph as the input data. In summary we have compared the diquarkonium model with our simple tetra-quark model, and discussed that observation of double charm mesons will exclude the former. Then, decay properties of hidden-charm axial-vector mesons in these two different models have been compared with each other, by decomposing each of them into a sum of products of quark-antiquark pairs. As seen in the decompositions, our simple tetra-quark model can reproduce all the observed decay modes of X(3872). It should be noted that the isospin non-conserving X(+) = X(3872) → (ρ 0 ψ →)π + π − ψ decay can proceed through the ωρ 0 mixing [39] , although there is no direct X(+)ρ 0 ψ coupling. Its partners have necessary couplings to ordinary low lying mesons, but no unnatural one. On the other hand, axial-vector mesons in the diquarkonium model, in which the isospin symmetry has been assumed in this note (in contrast with the original one), have not only natural couplings but also unnatural ones, and lack a part of natural couplings, in particular, the iso-singletX(+) which could be assigned to X(3872) does not couple to D 0D * 0 + c.c. but its opposite C-parity partnerX(−) does. It would imply that, in this model,X(+) = X(3872) can decay into (ωψ) → 3πψ and (ωψ → ρ 0 ψ) → 2πψ (through the ωρ 0 mixing) but not directly into D 0D * 0 + c.c. In this case, the observed narrow D 0D * 0 + c.c. peak at 3872 MeV would come fromX(−) which is degenerate with X(3872) =X(+). If so, a narrow ηψ peak which is created in theX(−) → ηψ decay should be observed just at 3872 MeV. However, it contradicts with the experiment [16] in which no signal of narrow ηψ peak has been observed. Contrary, in our tetra-quark model, it is expected that two broad ηψ peaks which come from X(−) → ηψ and X s (−) → ηψ will be observed in future. (Their detection in B decays is probably difficult at the present experimental accuracy, because they are expected to be considerably broad.)
Thus, experimental studies of decay properties of hidden-strangeness partners of X(3872) will select a realistic model.
